In this paper, high tracking performance control structure for rigid robot manipulator is proposed. PD-like Sugano type fuzzy system is used as a main controller, while fuzzy-neural network (FNN) is used as a compensator for uncertainties by minimizing suitable function. The output of FNN is added to the reference trajectories to modify input error space, so that the system robust to any change in system parameters. The proposed structure is simulated and compared with computed torque controller. The simulation study has showed the validity of our structure, also showed its superiority to computed torque controller. 
Introduction
Nowadays, in systems and cybernetics engineering, intelligence is the most important terminology. In robotics research, intelligence is the key issue for the next generation of robot [1] .
Fuzzy and neural network control systems are two main strategies to deal with intelligence in control area. Fuzzy control theory can be defined as an intelligent method to transfer human expressions into numeral expressions for a dynamical system [2, 3] . Although, these controllers work well with some systems, in most cases fuzzy rules need to be modified based on system characteristics to get better results. Then, it is very true to say that designing perfect fuzzy rules is nearly impossible.
Even the optimal fuzzy rules have been designed, the performance of the system is not always guaranteed until the controller is robust enough to deal with those system parameter's variations and outer disturbances [1] . Therefore, designing fuzzy rules is not easy at all [4] . This is one of disadvantages of fuzzy systems.
To solve this problem, adaptive techniques have been introduced into the framework of a fuzzy controller system structure. Designed fuzzy rules, and may be other parameters of fuzzy system, are adaptively adjusted according to changes in system parameters and disturbances [6] . The shape of membership functions is adjusted by modifying a center and a width of these functions to minimize the error of the system. The other method to improve fuzzy controlled system performance is to use neural networks or fuzzy-neural networks to compensate for uncertainties by minimizing the system error. One possibility of compensation is to add compensating signal to the control input level for fuzzycontrolled system; this will improve the performance of the system by achieving the inverse dynamics control which will lead to improving defuzzification process. The other possibility is to add the compensating signal to the reference trajectories to modify input error space so that we can achieve the same effect of modifying fuzzy rules [1] .
In this paper, the last method has been used to design high specifications control system for robot manipulator. Fuzzy-neural network will be used as a compensator for uncertainties in a fuzzy-controlled robot manipulator. 2012 New structure has been designed and computer simulation has been used to verify the validity and performance of this structure. Results curves and numerical values of simulation were compared with computed torque controller.
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Robot manipulator dynamic equations
The dynamic equations of motion of rigid robot manipulator are:- 
Control system
In the control structure proposed in this paper, fuzzy system is designed to work as a main controller in the structure, and FNN is used as a compensator for uncertainties of the manipulator. The outputs of FNN system or the compensating signal is added to the reference trajectories. By this method, input error space is modified so we can obtain the same effect of modifying fuzzy rules, and better tracking performance can be achieved. (4) and rearranging yields:-) (
Fuzzy controller design
PD-like fuzzy control system is the system adopted as a main controller. 2012 membership functions of the output. 
FNN design
The structure of FNN used is shown in In backpropagation, the parameters are adjusted using the gradient of J with respect to the parameter, i.e.:
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Where, Ф is the adjusted parameter and μ is constant representing the rate of learning. Ф(k+1) represents the current value of Ф and Ф(k) is the previous value of Ф. The partial derivative
is the gradient of J with respect to Ф.
The gradient of J with respect to w k4 is:-
And this can be proved to be:-
Then, the update law for the weights w k4 can be written as: 
Using similar procedure the gradient of J with respect to σ ij can be found to be: 
Simulation study
A two link robot manipulator has been used as an example to study the proposed structure performance, and to compare it with other known structure.
The dynamics model equations for the robot manipulator used in the simulation are as stated by eq.(1), i.e: ) ( In computed torque controller, the control input is the inverse dynamics of the dynamic model of robot manipulator. i.e, 
, and an ideal control is obtained.
Performance measures
Several performance measures have been selected to compare between the two (12) (13) (14) It is assumed that the maximum allowed torque, which is determined by torque limitation of joint drives, is 300Nm. Then, the applied torque is not allowed to exceed this limit.
Simulation results
Matlab programming code has been used to simulate the systems. Runge kutta method is used to solve the differential equations of the dynamic model of the robot manipulator with 0.001s as an integration time step.
Several cases have been taken to include uncertainties, which included assumption that robot manipulator handle variable payloads. Also, disturbance of some form has been added, and it is assumed to take the following general form:
The desired trajectories are selected as:
The following initial conditions are selected:
Case1
In this case, we try to study the effect of robot manipulator's parameters uncertainties. 2012 Figs. (5) and (6) 
Case2
In this case, the effect of disturbances is studied. The disturbance described by eq. (15) Figs (11) and (12) show the tracking error of q 1 and q 2 respectively for our structure. 
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